Background: Depression is commonly observed among patients with gout. Low levels of vitamin D have been associated with depression in non-gout subjects. We examined the association of vitamin D levels with depression in patients with gout. Methods: We conducted a cross-sectional study of 186 gout patients at the Endocrinology Department of First Affiliated Hospital of Jiaxing University. Levels of serum 25-hydroxyvitamin D (25(OH)D) were determined using a competitive protein-binding assay. The 17-item Hamilton Depression Scale was used for screening for depressive symptoms. Diagnosis of depression in gout patients was made in accordance with Diagnostic and Statistical Manual of Mental Disorders, fifth edition criteria for depression. Multivariate analysis was performed using logistic regression models. Results: Thirty-two gout patients (17.2%) were diagnosed as having depression. Patients with depression showed significantly lower 25(OH)D levels as compared to patients without depression (46.4±19.0 vs 57.0±17.3 nmol/L, P,0.001). Significant differences in 25(OH)D quartiles of gout patients were observed between the patients with depression and the patients without depression (P=0.003). In multivariate analyses, serum 25(OH)D levels (#40.0 nmol/L) were independently associated with depression in patients with gout (OR 3.833, 95% CI 1. 406-10.453, P=0.009). Conclusion: Our study demonstrates an important association between serum vitamin D levels and depression in patients with gout.
Introduction
Gout is an inflammatory arthritis related to hyperuricemia that is triggered by the crystallization of uric acid within the joints. Gout is a common rheumatic disease worldwide, with an overall prevalence of ~1.14% among Chinese adult population. 1 Depression is frequently observed among patients with gout, with its prevalence ranging from 13% to 20%. [2] [3] [4] [5] The presence of depression has been associated with poorer medication adherence, reduced quality of life, and poorer management outcomes. 6, 7 Therefore, it is important to identify risk factors for the presence of depression in patients with gout.
Receptors of vitamin D have been detected in areas of the human brain involved in depression. 8 An association between lower vitamin D levels and depression has been found in both healthy and clinical populations. [9] [10] [11] [12] Moreover, numerous randomized controlled trials have shown a positive effect of vitamin D supplementation on depression. 13, 14 A previous study has shown low levels of serum vitamin D among patients with gout and a significant association between low vitamin D levels and gout activity. 15 To date, however, no study has investigated the possible association between vitamin D levels 
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Zhou et al and depression in patients with gout. Given the involvement of vitamin D in depression in non-gout patients and the well-documented high prevalence of low vitamin D levels in gout patients, we conducted a cross-sectional study of 186 gout patients to determine the possible association of serum vitamin D levels with depression in gout patients.
Methods Participants
Patients with gout were consecutively recruited from the Endocrinology Department of the First Affiliated Hospital of Jiaxing University between July 10, 2013 and May 18, 2017 . Gout patients aged $18 years and fulfilled the 1977 American College of Rheumatology preliminary criteria for the diagnostic of gout were included in this study. 16 The exclusion criteria were: 1) patients with communication or cognitive disorders; 2) patients with pre-gout depression (clinical diagnosis or previous treatment) or other psychiatric disorders; 3) patients taking vitamin D replacement therapy. Meanwhile, 200 healthy volunteers without gout, vitamin D replacement therapy, or a history of psychiatric disorders including clinical diagnosis and previous treatment were recruited from a health survey. Written informed consents were obtained from all subjects or their relatives if the patients were illiterate. The study was approved by the Ethics Committee of the First Affiliated Hospital of Jiaxing University and was conducted in accordance with the principles of the Declaration of Helsinki.
clinical variables
Demographic and clinical variables were obtained from participant report and electronic medical records. Demographic included age, sex, body mass index (BMI), and frequency of alcohol consumption. BMI was calculated as weight (kg)/ squared height (m 2 ). Comorbidities included hypertension, hyperlipidemia, diabetes mellitus, stroke, coronary artery disease, and kidney failure. Gout-specific characteristics included: whether gout had ever been experienced in multiple joint at the same time, frequency of gout attacks in last 12 months, gout duration, and current medication use. 
assessment of depression
All gout patients were screened for depressive symptoms using 17-item Hamilton Depression Scale (HAMD-17). Patients with a HAMD-17 score of $7 were given the Chinese version of the Structured Clinical Interview of the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, for diagnosis of depression. These evaluations were administered by the same experienced psychologist who was blind to the laboratory results of gout patients, including serum levels of vitamin D.
statistical analyses
Data were presented as number (percentage) for categorical variables, mean ± SD for normally distributed variables, and medians (25th, 75th percentiles) for non-normally distributed variables. Comparisons between the groups were conducted using the chi-squared test, Fisher's exact test, Student's t-test, and Mann-Whitney U test, as appropriate. Binary logistic regression including age, sex, and the factors with P,0.05 in the univariate analysis was performed to examine significant risk factors for depression in patients with gout. The abnormally distributed parameters were logtransformed for satisfying the log-linearity assumption. The results were presented as ORs with corresponding 95% CIs. All statistical analyses were performed by using SPSS 22.0 (IBM Corporation, Armonk, NY, USA). Significance level was defined as P-value ,0.05.
Results

Baseline characteristics of the study samples
Of 205 patients with gout, 19 were excluded from this analysis: 3 with a history of depression, 2 with a history of dementia, 4 taking vitamin D replacement therapy, and 10 who refused to participate in this study. There were no significant differences in age and sex between our study cohort (n=186) and those excluded. Of 186 participants, 151 were male (81.2%) and their mean (SD) age was 61.9 (10.9) years. The patients in this study did not differ from the controls in terms of age and sex.
Univariate associations
Of the 186 patients who formed the study sample, 32 (17.2%, 26 men and 6 women) were diagnosed with depression. Eighteen depressed patients (56%) agreed to have an antidepressant medication with selective serotonin reuptake inhibitors. 
Discussion
To the best of our knowledge, this is the first study exploring the possible association between serum vitamin D levels and depression among gout patients. Our results suggest that serum level of vitamin D was significantly associated with depression in patients with gout, which is similar to the findings of previous studies in elderly adults and patients with chronic spinal cord injury. 10, 11 Our findings might have important implications in providing novel therapeutic target for depression in patients with gout.
In the present study, 17.2% of gout patients were diagnosed as having depression, which is consistent with the results of earlier studies. 2 Currently, despite the available literature, it remains difficult to determine the actual prevalence of depression in gout patients, possibly due to the differences in study designs, the source of patient recruitment, methods used to diagnose depression, and race/ethnicity. In addition, our results demonstrated that frequent gout attacks and attacks in multiple joints were risk factors for depression in gout patients, which agrees with the findings of previous studies. 5 Interestingly, we found that serum vitamin D levels were independently associated with depression in gout patients. As mentioned earlier, numerous studies have demonstrated an important association of low vitamin D levels and depression in non-gout subjects. The exact mechanisms by which vitamin D could affect depression are unclear. Vitamin D receptors and vitamin D activating enzyme 1a-hydroxylase are broadly present in specific regions of the human brain, some of which have been involved in the pathophysiology of depression, including the cingulate cortex, hippocampus, hypothalamus, and substantia nigra. 8 Vitamin D response elements have been detected in the promoter regions of serotonin genes. 17 Another possible explanation is the effect of vitamin D on inflammatory response. Vitamin D plays a vital role in modulating the secretion of inflammatory cytokines such as IL-6 and IL-1β. 18, 19 Gout is considered to be a chronic inflammatory disease, characterized by elevated inflammatory factors such as IL-6 and IL-1β. 20 It has been hypothesized that depression and gout may share common pathophysiological mechanisms including inflammatory response and immune activation. [20] [21] [22] Vitamin D may modulate the association between depression and inflammatory response through its effect on the immune system. Hence, these abovementioned results suggest that vitamin D might play a key role in depression in gout patients.
limitations
There are several limitations in this study. First, the seasonal variation of vitamin D levels makes it preferable to perform the measurements on the same day. Second, subjects in our sample were recruited from only one clinic, which limited the generalization of the findings. Third, due to lack of data of uric acid levels, we could not analyze the possible association between uric acid levels and depression in gout patients. Finally, the small sample size may reduce the statistical power of the present study.
Conclusion
In summary, despite of these limitations mentioned above, our study demonstrates an important association between vitamin D levels and depression in patients with gout. Further randomized controlled trials are critical in examining whether the supplement of vitamin D holds promise for the treatment of depression in gout patients. 
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